MD simulation
The whole system was solvated in a truncated octahedron box filled with 8 Å TIP3P water molecules, with a minimum solute-wall distance of 12 Å [1] , and the missing hydrogen atoms of each model were added using the tleap program. Then, counter-ions Na + were placed on the grids with the largest negative coulombic potentials around the protein.
The sander program was used before the MD simulations to minimize the structure via three steps: firstly, the whole protein was fixed and the water molecules and counter-ions were minimized (5000 cycles of steepest descent and 2500 cycles of conjugate gradient minimizations);
secondly, the backbone atoms of the protein were fixed and the side chains of the protein were minimized (5000 cycles of steepest descent and 2500 cycles of conjugate gradient minimizations); thirdly, the whole system was minimized without any constrain (10000 cycles of steepest descent and 5000 cycles of conjugate gradient minimizations).The SHAKE procedure was applied, and the time step was set to 2.0 fs [2] . Particle Mesh Ewald (PME) was employed to deal with the long-range electrostatic interactions in the MD simulations [3] . Followed by minimization, the entire systems were gradually heated in the canonical ensemble from 0 to 310 K via seven steps in the NVT. Finally, 5 ns MD simulations were carried out under the constant temperature of 310 K.
During the sampling process, the coordinates were saved every 0.2 ps, and the conformations generated from the simulations were used for further binding free energy calculations and decomposition analysis.
Binding free energy calculations
The binding free energy of each system was calculated using MM/GBSA technique according to the following equation [4] .
where ∆E MM is the interaction energy between protein and ligand in gas-phase, including the parts:
the van der Waals energies (∆E vdW ) and the electrostatic (∆E ele ); ∆G GB and ∆G SA are the relative polar and nonpolar contributions to desolvation free energy, respectively, and -T∆S represents the conformational entropic contribution at temperature T. In this study, the polar solvation free energy was calculated by the generalized born (GB) model [5] . In the GB calculations, the solvent and the solute dielectric constants were set to 80 and 4, respectively. The nonpolar solvation term was estimated based on the solvent accessible surface area (SASA) model by the LCPO method with a solvent-probe radius of 1.4 Å: ∆G SA =0.0072×∆SASA [6] . The binding free energy of each system was calculated based on 500 snapshots from 3 to 5 ns MD simulation trajectories of each complex by using the mm_pbsa program in AMBER12 [7] . Due to the low prediction accuracy and high computational demand of the conformational entropy (translation, rotation and vibration) upon the ligand binding (-T∆S), the entropic contribution was ignored [8, 9] .
Free energy decomposition analysis
To have a clear understand of functional residues for interacting in all the modelling complexes, the MM/GBSA free energy decomposition process was applied by the mm_pbsa program in AMBER12 [10] . The binding free energy decomposition was to decompose the energy contribution of each residue from the association of the receptor with the ligand into four parts:
van der Waals contribution (∆E vdW ), electrostatic contribution (∆E ele ), polar part, and nonpolar of solvation (∆G GB +∆G SA ) contribution. The polar contribution of desolvation free energy (∆G GB ) was calculated using the generalized Born (GB) approximation model developed by Onufriev et al. [11] , and the nonpolar solvation contribution (∆G SA ) part was computed based on the SASA determined with the ICOSA method [12] . All energy components were calculated using 500 snapshots extracted from the MD trajectory from 3 to 5 ns.
Stability of peptides in plasma
Peripheral blood (5ml) from healthy volunteers was collected in tubes. The blood sample was centrifuged at 2100 g for 15 mins at 4°C for isolation of plasma. After centrifugation, the supernatant (plasma) was collected and the cell containing fraction (mainly red blood cells) was discarded. 5 μL peptide solution (1 mg/mL), 25 μL phosphate buffer pH 7.4 and 15 μL plasma solution were mixed in the tube. The mixture was gently shaken at 37°C incubator and 5μL
aliquots were taken at time points of 0, 10, 15, 30, 60 and 120 mins. 100% ACN/0.1% TFA was added to each aliquot and centrifuged at 4000 rpm for 5min. The supernatants were analyzed using a monolithic C18 analytical column. Peptide concentrations in the serum were calculated by the integration of the peak areas of the chromatogram.
The detail of the OBOC screening process
During the OBOC screening, we employed three steps to eliminate the false positives: (1) In order to ensure an unbiased display for free molecular geometries, the interactions between the affinity peptide and HER2 protein is mediated by biotin-streptavidin conjugation, as shown in 
